;Z[\]e3et,6 Tt" s 13 June 2002 1 SPECI FI CATI ON NOTI FYI NG DEVI CE AND
WRELESS CCNNUNIWETICNS SYSTEM | NCORPORATI NG SAME  TECHNL CAL FI ELD The

present inventi Iﬂ”@“ﬁ“lﬂ notifying devices for use |@ ortable
telephones pag W rel ess comuni cations syste ﬁQUuHQQDBYIng

t he user I ncom ngeéi@*cal | s . BACKGROUND ART Conventi onal portabl
telephones have i ncorporated therein a sound generator (ringer) for

notifying the ng calls with sound, i.e., with a vibration

haV| ng 15 a frqmm mnmummm audi bl e range and a vi bration generator for
otifying t cgbksIM ERTROMI bration perceivable by the

hunan body and haV|ﬂﬁwé frequency for exanple, of up to hundreds of hertz.

One of the two generators is selectively usable according to the situation.
20 However, small devices such as portable tel ephones have little or no

eXCeSSi Ve SPARerfOr, AFORTRARTLORPRLD LOGSAYAL,OBREr 8LRgNd the

vi bration gener at or, ore encoun e pro | em O becom ng

greater 'fhé%ﬁfbﬁATfﬁg ggﬁg with the two generators.
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TECHNICAL FIELD
The present invention relates to notifying devices for

use in portable telephones, pagers and like wireless
communications systems for notifying the user of incoming

10 calls.
BACKGROUND ART

Conventional portable telephones have incorporated

therein a sound generator (ringer) for notifying the user
of incoming calls with sound, i.e., with a vibration having

15 a frequency in the audible range and a vibration generator
for notifying the user of incoming calls with a vibration
perceivable by the human body and having a frequency, for
example, of up to hundreds of hertz. One of the two
generators is selectively usable according to the situation.

20 However, small devices such as portable telephones
have little or no excessive space for accommodating both
the sound generator and the vibration generator, and
therefore encounter the problem of becoming greater in size

if equipped with the two generators.



C ~ 13 June 2002 2 Accordingly, the present applicant has proposed a
portabl e tel ephone as shown in FIG 9 (JP-A No. 14194/1998). The proposed
portabl e tel ephone conprises a flat case 11 having an antenna 1 and

provi ded on the surface thereof 5 with a speech receiving poqgugﬂe§%0§or
outputting the voice of incom ng speech, manual buttons 14 such as

nuneri cal keys, a speech delivery portion 13 for inputting the voice of

out goi ng speech, etc. Provided in a suRtable portion of the interior of the
case 11 is a notifying unit 2 for 10 notifying the user of incomng calls

with sound, VidEabi@Mn@iyhothesSpr8derPdaybPidbhONmadhgropbkbii A unit 2
conprises a first vibrator drivable with a first drive signal at a

{1 equency i nc e audi bR %ﬁ%‘“QE EQbRr PALFLE0 S0Ung-KaNes 18159599day1.br at o

15 drlva e mnt a sec rorve signal at a sec requency

hundr eds hertz n.the first fre uenc for ucin
V|brat|o€¥QﬁuPEP ?%ﬁ%ﬁ %ﬁcﬁe% ?%%F? 93 pﬁ+ %%c?ngi? ec?fgsﬁldrive
signal and the second drlve signal. The first vibrat and the second

vi brat or BA%LB9 #RUIBHERRR 2l cBRFORIRRLTAAY. °¢hEhF|?BfgéFSrEPSFeegnprises a

coil attached by a first diaphragmto the casing, while the second vibrator
conpr iSseswhtagnepPeaFh aEAealBYNg BeEbRANdL dphPAGANEBUERENGasNAgVOTRE magnet

is formed with a magnetic gap having the coil of the first vibrator
of incoming speech, manual buttons 14 such as numerical

keys, a speech delivery portion 13 for inputting the voice
of outgoing speech, etc. Provided in a suitable portion of
the interior of the case 11 is a notifying unit 2 for

10 notifying the user of incoming calls with sound, vibration
or both sound and vibration.

The notifying unit 2 comprises a first vibrator
drivable with a first drive signal at a frequency in the
audible range for producing sound waves, a second vibrator

15 drivable with a second drive signal at a second frequency
(up to hundreds of hertz) lower than the first frequency
for producing a vibration, and a signal generator circuit
for producing the first drive signal and the second drive
signal. The first vibrator and the second vibrator are

20 housed in a common casing. The first vibrator comprises a
coil attached by a first diaphragm to the casing, while the
second vibrator comprises a magnet attached by a second
diaphragm to the casing. The magnet is formed with a

magnetic gap having the coil of the first vibrator



13 June 2002 3 accommodated therein. Stated nore specifically with
réferenhce to FIG 2, the notifying unit conprises as housed in a

cylindri cal
and 5 a second vibrator 3 for producing vibration mainly. Thgac

casing 21 a first vibrator 4 for producing sound waves nai nly

1 has

a conpact structure inits entirety and conprises a hollow cylindrical body
22, an annular front cover nenber 24 having a sound emtting aperture 25
and attached to an open front side of Bhe body 22, and an 1o annul ar
cover nmenber 23 attached to an open rear side of the body 22. The first
vi br at or dceommoisesdatrereuhar first di aphragm 41 having its periphera
portion held between the casing body 22 and the front cover nenber 24, and

a coi

_ 42 1s fixgdelionbhe é?é&i?ié&l@& i/henf kegbrdhaheagmrél. 2Thenk
vibrator 4 has a resonance

requency in an audi bl e range in excess of

rear

rst
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et ween
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20

31 magneti zed axiallé t her eof évertical direction) .and %%éed t

39T RRAJHAIPAN¥LDYAkEOD painly.

casing 21 has a compact structure in its entirety and
comprises a hollow cylindrical body 22, an annular front
cover member 24 having a sound emitting aperture 25 and
attached to an open front side of the body 22, and an
annular rear cover member 23 attached to an open rear side
of the body 22.

The first vibrator 4 comprises a circular first
diaphragm 41 having its peripheral portion held between the
casing body 22 and the front cover member 24, and a coil 42
fixed to the rear side of the first diaphragm 41. The
first vibrator 4 has a resonance frequency in an audible
range in excess of hundreds of hertz.

On the other hand, the second vibrator 3 comprises an
annular second diaphragm 34 having its peripheral portion
held between the casing body 22 and the rear cover member
23, an outer yoke 32 secured to the inner peripheral
portion of the second diaphragm 34, a permanent magnet 31
magnetized axially thereof (vertical direction) and fixed

to the front side of the outer yoke 32, and an inner yoke

o the



13 June 2002 4 33 fixed to the front side of the magnet 31. The coil 42 of
the first vibrator 4 is accormodated upwardly or downwardly novably in an
annul ar magnetic gap defined by opposed faces of the outer yoke 32 and the
i nner yoke 33. 5 The second vibrator 3 has a | ow resonance fﬁ§9Hﬁ8%b0 f

| ower than hundreds of hertz. FIG 11 shows the vibration characteristics
Cs of the first vibrator 4 and the vibration characteristics Cv of the
second vi brator 3. The vibrators 4, 3 #xhibit a peak 1o in anplitude at the
resonance frequencies Fs, Fv, respectively. Accordingly, great notification

effects ayx pmadd abh ey £ o0 NG fe SOEINEhEyenst gnal ak ao4bration drive
signal of these respective resonance frequencies Fs, Fv to 15 the coil 42

of “the nojd FlD0e NS 2ibdbr e SPoCi TS@binloa e SRk GEYS Skonal Ds of a
e, (o} wtnt

frequency (for exanp about 2 kHz) 1n matc e resonance frequency
Fs as sho in F 10 is fed . to fh il 42 when ifying with
sound, an WA Crl']?cjfi%onva}(g)f%rjrr\l/ea%i%’é‘fiﬁ'xg%?n%tﬁ e%%%n@%i‘?%? e¥<arrpl e,
about 100 Hz) i tch wth the resonance_frequency Fv as shown_in FIG 10,
(by i s 1 PRIl TEAT O DhRrP WUt 10D 3¢ (3001 PRdt BREE VRBROL RS- sound
drive signal Ds is fed to the coil 42 of the notifying unit 2, the coil 42
produées S63and vikratee ddpys a low resonance frequency of

lower than hundreds of hertz.

FIG. 11 shows the vibration characteristics Cs of the
first vibrator 4 and the vibration characteristics Cv of
the second vibrator 3. The vibrators 4, 3 exhibit a peak

10 in amplitude at the resonance frequencies Fs, Fv,
respectively.

Accordingly, great notification effects are available
by feeding a sound drive signal and a vibration drive
signal of these respective resonance frequencies Fs, Fv to

15 the coil 42 of the notifying unit 2.

More specifically, a sound drive signal Ds of a
frequency (for example, about 2 kHz) in match with the
resonance frequency Fs as shown in FIG. 10, (a) is fed to
the coil 42 when notifying with sound, and a vibration

20 drive signal Dv' of a frequency (for example, about 100 Hz)
in match with the resonance frequency Fv as shown in FIG.
10, (b) is fed to the coil 42 when notifying with vibration.
When the sound drive signal Ds is fed to the coil 42

of the notifying unit 2, the coil 42 produces an axial



5 drive force by virtue of the relationship between the nmagnetic |ines of
force ‘extendi ng through the magnetic gap radially thereof and the
circunferential current flow ng through the coil 42 according to the
Flemng's left-hand 5 rule. Since the drive force acts at thesfyssiggnsy of
t he resonance point, the first vibrator 4 resonates to generate sound
waves, while the second vibrator 3 remains alnost free of vibration because
t he resonance point thereof is different. The generation of sound waves

gi ves audio 1o notification of an incomng call. On the other hand, when

the vi br afrjee didnee dPnalridyve o6 e ﬁ@lé@ﬁo@@hi?%e@&eéﬁetﬂéti fying unit
2, the coil 42 simlarly produces an axial drive force. Since the resonance

poi nt of e ddiisty My Al Presr i fdetsnd {04 { REodgn f £RGURAGN it gpdri ve

force, the Tirst vibrator 4 undergoes al nbst no Vvibration, but the second

vibrator B il Nt A PSRN, ROI BluBtoLbEc L1 PUSPEIOT £ Lhg, T ve force

IS resonate the Teaction o rive Torce to produce v ation. The
vi bration generated is perceived by, 20 the_human bod noti.fyj ng.the user
of an | neSHRARFIEATS Soth 4 heATRTIHAAG Unt RS oF LPRENY b8 ohEREENFdquenci es
of the vibrators 4, 3 inevitably involve variations due to tolerances for

t he specif¥l@xt i SA&CPo hged@riieni iRy deh@ Fteds Garidie FRARFRIELHithte

vibrators 4, 3, such as the L J 13 June 2002 6
resonance point, the first vibrator 4 resonates to generate

sound waves, while the second vibrator 3 remains almost
free of vibration because the resonance point thereof is
different. The generation of sound waves gives audio
10 notification of an incoming call.
On the other hand, when the vibration drive signal Dv'
is fed to the coil 42 of the notifying unit 2, the coil 42
similarly produces an axial drive force. Since the
resonance point of the first vibrator 4 differs from the
15 frequency of the drive force, the first vibrator 4
undergoes almost no vibration, but the second vibrator 3
which has a resonance point at the frequency of the drive
force is resonated by the reaction of the drive force to
produce vibration. The vibration generated is perceived by
20 the human body, notifying the user of an incoming call.
with the notifying unit 2, the resonance frequencies
of the vibrators 4, 3 inevitably involve variations due to
tolerances for the specifications for determining the

resonance frequencies of the vibrators 4, 3, such as the



configurations, dinmensions, materials, etc. of the diaphragns 41, 34, yokes
32, 33'and permanent magnet 31. For exanple, the thickness of the second

di aphragm 34 constituting the second vibrator 3 has a tolerance of 120 5
,CLm 8 ,um In the case where the resonance frequency Fv is1k0QnE20t3eN

t he di aphragm thickness t is 120 ,u m the variation in the resonance
frequency is 100 Hz 10 Hz since the resonance frequency Fv is in
proportion to the thickness t raised t® the index 1.5. 10 FIG 12 shows

vi bration characteristics a in a solid line as varied by dinensional

tol erancesoneiguri0ivnd| adimenshenartRatetigssh, etcinod bneken line,
respectively. If a vibrator having the vibration characteristics b

i nvol vi ngdfay@fs?%é opy i s34y i ysKRest 33 hessespnapeenhhefvensynat the 15
vi bration characieristics a Wwth no variation, no resonanCe occurs, and the

anpl i tudecof LbeXipraiQr vhlligieatly ORereasenlr qULanbegh yalue W at the

resonance poi nt S in e case where e‘notifying unit is
driven with a drive signal of given frequency w thpout 20 caonsideri.ng the
Vari ati ort RS EhEUT Ead B cs Pr e ntyr A Eiibr o UPFsasCPREERPGRI B ¢ RO
variations occur also in the anplitude of the vibrator, failing to produce
a sat iSsf abfbry Gdilryi Ty B 225 prheFerther FapPRARCE cPREARSNFR F¥cent

years can be set 13 June 2002 7 in various operation nodes, for exanple,
to displaysthel Hz when the diaphragm thickness t is 120 u4m, the

variation in the resonance frequency is 100 Hz * 10 Hz
since the resonance frequency Fv is in proportion to the
thickness t raised to the index 1.5.

10 FIG. 12 shows vibration characteristics a in a solid
line as varied by dimensional tolerances, etc. to vibration
characteristics b, ¢ in a broken line, respectively. If a
vibrator having the vibration characteristics b involving a
variation is driven at the resonance frequency of the

15 vibration characteristics a with no variation, no resonance
occurs, and the amplitude of the vibrator will greatly
decrease from a peak value Wp at the resonance point to a
value W'. Thus in the case where the notifying unit is
driven with a drive signal of given frequency without

20 considering the variation of the resonance frequency, there
arises the problem that variations occur also in the
amplitude of the vibrator, failing to produce a
satisfactory notifying effect.

Further portable telephones in recent years can be set



t el ephone nunber of the caller upon receiving an incomng call or to serve
as a pager. In conformty with such a wider variety of operationa
functions, there arises a need 5 for the notifying unit to give
notification not only of incomng calls but also of the vari e§g,[R9@82i N
whi ch the tel ephone is set. Accordingly, a first object of the present
invention is to provide a notifying device which produces to satisfactory
notifying effects despite the variation in resonance frequency, and a

Wi rel ess commruni cati ons systemincorporating the device. A second object of

the inventd aradfold MEVAEER HbAES £SBo £0ERMMb LA} | €8S SYHL e €EREPT i Sing a
notifying 15 device adapted for different kinds of notifying operations

| ncl udi ng SUAEAUAMLOL ECORE Nda £RLE Subn Ok ¥Ee 2115 AR1 PhYORORLTYI NG

effects despl e varration 1 n resonanc requency. THE

| NVENTI ON To fulfill the firs j e he. present inventi,on provides a
noti fyi ngc i Te %%n%??‘é‘% n%s a“!l v?%?%?lbr Cﬁ% Ctboenfréérsfrb];té{t ewd{% saéclak} i%/g s;“gnal
fed th t d a, si i i it.f f eedi the dri i [t
the vi'br argier NatStT ot opaber L%l FERehaPRE, cFRSEa akiERE @ nesq e ©

2002 the signal preparing circuit prepares a drive signal varying in
frequéncyt Q¥ tHie 2OPrEGERSr ¥R Redt? aByeei AeF4EiRgtion not only of

incoming calls but also of the various modes in which the
telephone is set.
Accordingly, a first object of the present invention
is to provide a notifying device which produces
10 satisfactory notifying effects despite the variation in
resonance frequency, and a wireless communications system
incorporating the device.
A second object of the invention is to provide a
wireless communications system comprising a notifying
15 device adapted for different kinds of notifying operations
including notification of incoming calls to give
satisfactory notifying effects despite the variation in
resonance frequency.
DISCLOSURE OF THE INVENTION
20 To fulfill the first object, the present invention
provides a notifying device comprising a vibrator to be
resonated by a drive signal fed thereto, and a signal
preparing circuit for feeding the drive signal to the

vibrator, the notifying device being characterized in that



t he resonance frequency of the vibrator and feeds the drive signal to the
vitbrator. 5 Even if the vibrator has a resonance frequency involving a
variation due to dinensional tolerances, etc. of the vibrator, the drive
signal repeatedly varies in frequency within the predeterninquﬁﬁg@@PZSO
t hat resonance occurs to give a great anplitude when the frequency of the
to drive signal matches the true resonance frequency during the variation.
When the frequency of the drive signalgthereafter becones different from
the true resonance frequency, the vibrator undergoes no resonance and

exhi bi t's ¢l g SN sk A5 Adicles r ADBE Bee s e @Dl i Usle & 1ghgases 15 when

the signal frequency matches the true resonance frequency again. In this
way, the A iddids ofrddfedd PrA O CPGH Sl ¥ HNERERSES0 LR aaphLT ude of
resonance a a%g’gk arn decr§e)ases %%ergé’%om a?sh{P e reqrtlj ncy O%G?Eebdri ve
signal varies, 20 Stated nore ecificall the variation_ i he frequency
of “he drtse Kt S PRSIl vt (HEE i hat T P The s Erdnde B dquency
due to tol erances faor the specifications on which the resonance frequency

i s dependerflaHe Viltg SRR EF the resonance frequency due to 1) 13 June
2002 9 tolerances for the specifications can be determ ned experinentally,
enpi rfcal | y orEvdgieckrletikal vibrafer thes varreseoance frediergviency of the

drive signal can be
involving a variation due to dimensional tolerances, etc.

of the vibrator, the drive signal repeatedly varies in
frequency within the predetermined range, so that resonance
occurs to give a great amplitude when the frequency of the

10 drive signal matches the true resonance frequency during
the variation. When the frequency of the drive signal
thereafter becomes different from the true resonance
frequency, the vibrator undergoes no resonance and exhibits
a diminished amplitude, whereas the amplitude increases

15 when the signal frequency matches the true resonance
frequency again. In this way, the amplitude of the
vibrator repeatedly increases to the amplitude of resonance
as a peak and decreases therefrom as the frequency of the
drive signal varies.

20 Stated more specifically, the variation in the
frequency of the drive signal corresponds to the variation
in the resonance frequency due to tolerances for the
specifications on which the resonance frequency is

dependent. The variation in the resonance frequency due to



determ ned reasonably when nade to correspond to the 5 variation thus
déterm ned. The resonance frequency of the vibrator is an actually

i naudi bl e 1 ow frequency, for exanple, of up to hundreds of hertz, and the
vibration of the vibrator at the resonance frequency has an aapjjnUs2/hi ch
is generally perceivable to by the human body, whereby a perceivable
notifying effect can be obtained. The drive signal has an alternating

wavef orm of pul ses or sine waves having a frequency which periodically
varies preferably at 0.5 to 10 Hz, nore preferably at 1.37 to 2.98 15 Hz,

most prefespblyndbs2cd8 Hie dpkeiPgrhedbaal bunPhadueesrngseaance of highly
percei vabl e effect. The frequency of the drive signal further varies in the

form of trianguhakeuwRyes, ALAE YAYES OF SAULOALN MAYGS. Jhapesial Iy when the

frequency © rrve* §ign i o'varied int sawt oot h waves,
resonance_occurs wth def.inite period,_in t.ch wi.th_the petiod of the
naves onCATERGIABY L1 BAE: 6RO ERBYL O SPBnTorYe THE PReGamneF of the drive
si gnal need not_almaés be vaﬁied contiguously but na¥ be géggually

i ncr easediBFeHBER8dsERASPRARILYeWhen T3de ke 5863 EOPHe thr &96nt i nventi on

provides a wireless communi cations system conprising the notifying device
of thé i nvehriabhodesBRFbEgtrEMIAGH-fyi ng the user of incomng calls. The
system produces a satisfactory notifying effect

The resonance frequency of the vibrator is an actually

inaudible low frequency, for example, of up to hundreds of
hertz, and the vibration of the vibrator at the resonance
frequency has an amplitude which is generally perceivable

10 by the human body, whereby a perceivable notifying effect
can be obtained.

The drive signal has an alternating waveform of pulses
or sine waves having a frequency which periodically varies
preferably at 0.5 to 10 Hz, more preferably at 1.37 to 2.98

15 Hz, most preferably at 2.18 Hz. This periodically produces
resonance of highly perceivable effect.

The frequency of the drive signal further varies in
the form of triangular waves, sine waves or sawtooth waves.

Especially when the frequency of the drive signal is

20 varied in the form of sawtooth waves, resonance occurs with
a definite period in match with the period of the waves,
ensuring notification without discomfort. The frequency of
the drive signal need not always be varied continuously but

may be gradually increased or decreased stepwise.



5 even if the resonance frequency of the notifying device involves a

variation, thus giving reliable notification of incomng calls. Wth the

notifying device and the wirel ess comuni cati ons system i ncorporating the

device according to |0 the invention,

resonance repeatedly increases the anplitude of the vibrator to the

anpl i tude of

human 15 body . To fulfill the second object, the present invention
provi des a W I'eh&Ssr&HSHtINi $@&h 006N Sysbetisbi ghwhasi1éssorporated therein a

noti fyi ng device for

i ncl udi NG Zpnietd it £S44 ﬂe&“@ﬂ:ﬁ%ﬁ%?ﬁ‘b' Ehethoe DL LAY REvEEYi 68

conprising a vibrator to be reso
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pr épari ng nmeans-for

drive si
drive si

ed by a drive signal fed thereto,

Clrcul conpri ses conmran

performng different kinds of notifying operations

periodi c or nonperiodi q3QkmarZgeRce of

resonance as a peak and decreases the anplitude fromthe peak,
affording effective notification whichHOi s audi bl e or perceivable by the

and a

The

13 June 2002, 11 epari notifjcati on caommand signal s ich ar differeni
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drive signal preparing neans operative in response to the notification
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20

involves a variation, thus giving reliable notification of
incoming calls.

With the notifying device and the wireless
communications system incorporating the device according to
the invention, periodic or nonperiodic occurrence of
resonance repeatedly increases the amplitude of the
vibrator to the amplitude of resonance as a peak and
decreases the amplitude from the peak, affording effective
notification which is audible or perceivable by the human
body.

To fulfill the second object, the present invention
provides a wireless communications system which has
incorporated therein a notifying device for performing
different kinds of notifying operations including
notification of incoming calls, the notifying device
comprising a vibrator to be resonated by a drive signal fed
thereto, and a drive signal feed circuit for feeding the
drive signal to the vibrator. The drive signal feed

circult comprises command signal preparing means for



predet erm ned range including the resonance frequency of the vibrator and
which differs in the state of variation for the different notification
command signals and to feed the drive signal to the vibrator. to Even if
the vibrator has a resonance frequency involving a variation1§qﬁnEQ002

di nensi onal tolerances, etc. of the vibrator, the drive signal Tepeatedly
varies in frequency within the predeterm ned range, so that resonance
occurs to give a great anplitude when ltthe frequency of the 1s drive signal
mat ches the true resonance frequency during the variation. Wen the

frequencypdpd hendglrades si@nelon hesRrdhers Pesoresuiiéh eseatdirpsréhe true
resonance frequency, the vibrator undergoes no resonance and exhibits a

di m ni sh%@rﬂg#f@p&nt Wosh €854 hes ifi’é’&ti@ﬁrﬁ??@ém?@r%@\i‘?g ybensi gnal

frequency natches the true resonance frequency again. In th way, the

anpl i tude .0 1.br tedl y_ {ncr o] a ] o]
rggonancgjgé(%nﬁgﬁbphﬁggéé%fgggeggq%%$2§¥%§$§§n%r%é?f%qﬁg%%éygfet%% drive
signal varies. 13 June 2002.1? Further in response_to an incom ng cal
or i n acCUT RIS G HERT HROTHPLTAETOR ITRREY cSLaRaT 5O SBECPFTE 2
notification conmmand, signal is prepared for notifying the use of the

oper afi orfir Bl BRIV WRighaTaFsepr bpaf EBAWRRAY SWiEehRERefice to the command

signal for driving the vibrator in a different state of vibration. Upon
receivirmpmﬁdgﬁggmined range including the rescnance frequency of

the vibrator and which differs in the state of variation
for the different notification command signals and to feed
the drive signal to the vibrator.

10 Even if the vibrator has a resonance frequency
involving a variation due to dimensional tolerances, etc.
of the vibrator, the drive signal repeatedly varies in
frequency within the predetermined range, so that resonance
occurs to give a great amplitude when the frequency of the

15 drive signal matches the true resonance frequency during
the variation. When the frequency of the drive signal
thereafter becomes different from the true resonance
frequency, the vibrator undergoes no resonance and exhibits
a diminished amplitude, whereas the amplitude increases

200 when the signal frequency matches the true resonance
frequency again. In this way, the amplitude of the
vibrator repeatedly increases to the amplitude of resonance
as a peak and decreases therefrom as the frequency of the

drive signal varies.



incomng call, for exanple, a first drive signal is prepared wherein the
variation of the vibration frequency continues, based on an inconing cal
notification command 1o signal. Upon receiving an incomng call froma
specified caller, on the other hand, a second drive signal iﬁ %rgggﬁﬁa
which turns on and off with a predeterm ned period, based on % ChFI%r
notification conmand signal. Wen the notifying device is driven wth the
first drive signal, 15 resonance occuri® with a predeterm ned peri od,
whereas when the notifying device is driven with the second drive signal

resonance occuggrtRELr Tht FeBpbYsBetbodhCahbymihbi eadilf berance in the node
of vibration enables the user to identify the caller. 20 Further when an

operati on, ipdleaascg LeLAPBRRE, Sp8eht18ndbieVens 0ak <l Br apakadwherein
giiof Wi fpefati &

the variation o requency a frrst period; baséd on-a node
notification.co nd_signal . .when_ot her operatian_node, f.qr .exanple, for
the functi Nt oAt paBerorEand; SLangl 58 SPERAFers 07 D9tigydTa00Re)
prepared wherein the variation of the f[eguenc has a second per,iod, based
on a mode'7%t?Fi tAEi BReEamBRd 2Pgnadl IEoNEeFRER2LCIAs BFFERTSY Wiiftd
different operation nodes produce intermttently periodical resonance in

di ff efentr8Le¥aRes. tqntBedrprearBAcEigRathéost ard véndyitheaviidr ag®ablids t he

user to identify the different operation nodes. Stated nore specifically,
the vari aaidbffarent state of vibration. Upon receiving a usual

incoming call, for example, a first drive signal is
prepared wherein the variation of the vibration frequency
continues, based on an incoming call notification command

10 signal. Upon receiving an incoming call from a specified
caller, on the other hand, a second drive signal is
prepared which turns on and off with a predetermined period,
based on a caller notification command signal. When the
notifying device is driven with the first drive signal,

15 resonance occurs with a predetermined period, whereas when
the notifying device is driven with the second drive signal,
resonance occurs intermittently periodically. This
difference in the mode of vibration enables the user to
identify the caller.

20 Further when an operation mode as a telephone is set,

a drive signal is prepared wherein the variation of the
frequency has a first period, based on a mode notification
command signal. When other operation mode, for example,

for the function of a pager is set, a drive signal is



frequency of the drive signal corresponds to the variation in the resonance
f requency due to tolerances for the to specifications on which the
resonance frequency is dependent. The variation in the resonance frequency
due to tolerances for the specifications can be determ ned exgey.| Iy,
enpirically or theoretically, and the variation in the frequency of the
drive signal can be 15 determ ned reasonably when nmade to correspond to the
variation thus determ ned. For exanpl @3 the resonance frequency of the
vibrator is |ower than audi ble frequencies and is nore specifically a

frequency, Qfp Ak d QyRBNE £ 0sh O v DRI #3 0 AN LHRe VEPEQLARR, 2Raf st he Vi brat or

at the resonance frequency has an anplitude which is generally perceivable

by the. huran, hodie, WAPT ahie s et o8 NaBL ep0eLELIL 00,6 EGiha Ny benobt al ned.

The drive sSignal® has an alternating wavef ormo ses or sine waves and a
frequency_whi ch riodicall 4 13 Jung 2002 14 varies at one to several
ner s TN ¢ HON SHRRI i AR SE St 5 GRS ef ect | ve
for perception by the human body. The frequency of the drive signal further
vari es i rPEIBIGDr oIt eeRrful Broshiedical neesopane’ bR dahf8veAtwaves.
Especially when the frequency of the drive signal is varied in the form of
sawt 06t h steatess . r &hdsancd feoanee viint the dafdte taf paEdination mnathleg th t he

period of the waves, ensuring notification wthout
the user to identify the different operation modes.

Stated more specifically, the variation in the
frequency of the drive signal corresponds to the variation
in the resonance frequency due to tolerances for the

10 specifications on which the resonance frequency is
dependent. The variation in the resonance frequency due to
tolerances for the specifications can be determined
experimentally, empirically or theoretically, and the
variation in the frequency of the drive signal can be

15 determined reasonably when made to correspond to the
variation thus determined.

For example, the resonance frequency of the vibrator
is lower than audible frequencies and is more specifically
a frequency of up to hundreds of hertz, and the vibration

20 of the vibrator at the resonance frequency has an amplitude
which is generally perceivable by the human body, whereby a
perceivable notifying effect can be obtained.

The drive signal has an alternating waveform of

pulses or sine waves and a frequency which periodically



disconfort. The frequency of the drive signal need not ZO al ways be vari ed
continuously but may be gradually increased or decreased stepwise. Wth the
Wi rel ess conmuni cati ons system according to the invention, periodic or
nonperiodi c occurrence of resonance, regardl ess of the vari ayQunkgobke
resonance 15 frequency, repeatedly increases the anplitude of the vibrator
to the anplitude of resonance as a peak and decreases the anplitude from

t he peak, giving effective notificati a4 which is audi ble or perceivable by
t he human body. Further different states of vibration enable the 20 user to

i denti fy vidig ezonitedfe afo dvdrLatiartz BRI bh iBEPERE BEION 1@y THE DRAW NGS
FIG 1 is a block diagram show ng the circuit construction of a portable

t el ephone, ofq fdd ety QARG 4 NSod IUETHiOMy ofedd: Jperd002 15 FIG 2

is an enl"arged view in section of a notifying unit. FIG 3 includes _
S onal R i el A o Pt R RN R I S or
the drive signal, FIG_5 includes waveform diagrans show ng the .
(el at | ondH P et T 3T Kty 0 SOUh Ve STITATILAE YRESErpPiPEde of a
vi brat or as anot her exanpl e. .
5 waves or sawtooth waves. Especially when the frequency of
the drive signal is varied in the form of sawtooth waves,
resonance occurs with a definite period in match with the
period of the waves, ensuring notification without
discomfort. The frequency of the drive signal need not
10 always be varied continuously but may be gradually
increased or decreased stepwise.
With the wireless communications system according to
the invention, periodic or nonperiodic occurrence of
resonance, regardless of the variation in the resonance
15 frequency, repeatedly increases the amplitude of the
vibrator to the amplitude of resonance as a peak and
decreases the amplitude from the peak, giving effective
notification which is audible or perceivable by the human
body. Further different states of vibration enable the
20 user to identify the contents of notification.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing the circuit

construction of a portable telephone of first embodiment of

the invention.



10 FIG 6 is a waveform di agram show ng variations in the frequency of a
drive Signal as another exanple. FIG 7 is a block di agram show ng the
construction of an exanple of vibrating signal processing circuit. FIG 8
includes waveform di agranms showi ng the 15 operation of the vibrgtinggsi gnal
processing circuit. FIG 9 is a perspective view show ng the appearance of
a portabl e tel ephone enbodying the invention. FIG 10 includes waveform

di agrams showi ng a sound drive signal 1gnd a vibration drive signal of a
conventional 20 portable tel ephone. FIG 11 is a graph show ng the

vi bration charggg erj sid Cn On Vi g OF Sew H G sdt {Sn 2o fll 29&M £ Ping
illustrating a decrease in anplitude due to variations in resonance

frequencx¥tu:13 June 2002 16 FIG 13 is a graph showing the result of an
experi ment conducted for determning an opti mumrange of nodul ati on

of & port abi e 1 ophotie DIV CURiF EBb TERE DY THe"EhdchRPon. G 16 15 a
di agram showi ng the construction of an exanpl e of nodul ati on_si gnal
gener at i AP A FERARIN L1 RETUSLR el & dBECHEERF Br ¢ of aGF BYiR ShEMRhg2RBe 10
operation of the nodul ation signal generating circuit. FIG 17 includes
wavef 6r midiea@repsi thdan 9 2 Wollki aesr -
FIG. 4 is a waveform diagram of the drive signal.
FIG. 5 includes waveform diagrams showing the
relationship between the frequency of a drive signal and
the amplitude of a vibrator as another example.
10 FIG. 6 is a waveform diagram showing variations in the
frequency of a drive signal as another example.
FIG. 7 is a block diagram showing the construction of
an example of vibrating signal processing circuit.
FIG. 8 includes waveform diagrams showing the
15 operation of the vibrating signal processing circuit.
FIG. 9 is a perspecfive view showing the appearance of
a portable telephone embodying the invention.
FIG. 10 includes waveform diagrams showing a sound
drive signal and a vibration drive signal of a conventional
20 portable telephone.
FIG. 11 is a graph showing the vibration
characteristics of vibrators.

FIG. 12 is a diagram for illustrating a decrease in

amplitude due to variations in resonance frequency.



of nodul ation signals for use in operation node identification . FIG 18

i hcl udes wavef orm di agrans showi ng three kinds 15 of nodul ation signals for
use in operation node identification. BEST MODE OF CARRYI NG QUT THE

| NVENTI ON A detail description will be given bel ow of two enﬁgQ@gEFkgmof
the invention as applied to the portable 20 tel ephone shown in .
First Enbodinent As shown in FIG 9, the portable tel ephone of the
invention conprises a flat case 11 havisng an antenna 1 and provided on the
surface thereof with a speech receiving 13 June 2002 17 portion 12

i ncorporati ng prepepkels HBHUAbnbEhERNEg1en8UERsaTLNYRELLCRLKSY fend SPeecCh
delivery portion 13 incorpofating a m ciophone, etc. Provided in a suitable

porFiOP‘%qél c{éﬁef¢PFd8Ee£HEnEH ea&1o%§iﬁuﬂ°§£k§&“SEUHEEu§a%'Bﬁr .
noti fying e user of incomng cafls w sound-oP -vibratron. As shown in
FIG 2, the notif¥ing unit 2 conprises as housed in a comon casing 21 a
first vibrag®texc %?'producing sound mainly and a second vibrator 3 for 1o

producing vibration mainly. The casing 21 conprises a hollow cylindrical
body 22, an anftfarlfrbhtachblerkndipeFansshaving Ah&oGAECEATt ting aperture

25 and attached to an open front side of the body 22, and an annul ar rear
cover 5 construction of a portable telephone of second embodiment

of the invention.
FIG. 15 is a diagram showing the construction of an
example of modulation signal generating circuit.
FIG. 16 includes waveform diagrams showing the
10 operation of the modulation signal generating circuit.
FIG. 17 includes waveform diagrams showing two kinds
of modulation signals for use in operation mode
identification.
FIG. 18 includes waveform diagrams showing three kinds
15 of modulation signals for use in operation mode
identification.
BEST MODE OF CARRYING OUT THE INVENTION
A detail description will be given below of two
embodiments of the invention as applied to the portable
20 telephone shown in FIG. 9.

First Embodiment

As shown in FIG. 9, the portable telephone of the
invention comprises a flat case 11 having an antenna 1 and

provided on the surface thereof with a speech receiving



menber 23 attached to an open rear side of the body 22. 15 The first
vibrator 4 conprises a circular first diaphragm 41l having its peri pheral
portion held between the casing body 22 and the front cover nenber 24, and
a coil 42 fixed to the rear side of the first diaphragm41l. 789, hbn8h2
vibrator 4 has a resonance frequency in an audi ble 20 range in excess of
hundreds of hertz. On the other hand, the second vibrator 3 conprises an
annul ar second di aphragm 34 having itg7peripheral portion held between the
casi ng body 22 and the rear cover nenber 23, an outer yoke 32 secured to

the innerppeidhef fl incdBpdt€ir§02 speRREE] ORaRhal NBuELEAR] 6i 8RBRAOM 34,
a permanent magnet 31 magneti zed aX|a?Iy t hereof (vertical direction) and

fixed to §§¢nﬁﬁ8?£%%i é'tggiﬁgéﬁﬁ %§¥FV%§Y5§§?t?ﬁ%ipger yoke 33 fixed to

the front side o e Tegnet Irst vibrator 4 is

accomodat ed upwardly or downwardly novably in a nnul ar ic gap

ot i ned by SpHRRERt et AROTHEAGRY o b ke Bas TP T il THAREe 337 he

second vibrator 3 has a resonance frequenc¥ ig an actuaIL¥ i, naudi bl e
192¢8 36 4

frequencyP?EMRR PbrtRkahpteriof &6 kbe 0 fiz2 FRELFYH8F HYRdtsecond
di aphragns 41, 34 can be made froma known elastic material such as netal,
rubbers or2 r&2¥ MOoVRENLRG Ul e eSS e¥ hef serepHiAg apht AFnVBBhhESUREHt 8Tso as to
obtain a great displacenent. 15 FIG 1 shows the construction of the nain
circuit ofibration.

As shown in FIG. 2, the notifying unit 2 comprises as
housed in a common casing 21 a first vibrator 4 for
producing sound mainly and a second vibrator 3 for

10 producing vibration mainly. The casing 21 comprises a
hollow cylindrical body 22, an annular front cover member
24 having a sound emitting aperture 25 and attached to an
open front side of the body 22, and an annular rear cover
member 23 attached to an open rear side of the body 22.

15 The first vibrator 4 comprises a circular first
diaphragm 41 having its'peripheral portion held between the
casing body 22 and the front cover member 24, and a coil 42
fixed to the rear side of the first diaphragm 41. The
first vibrator 4 has a resonance frequency in an audible

20 range in excess of hundreds of hertz.

On the other hand, the second vibrator 3 comprises an
annular second diaphragm 34 having its peripheral portion
held between the casing body 22 and the rear cover member

23, an outer yoke 32 secured to the inner peripheral



the portable tel ephone having the notifying unit 2 described. The tel ephone
i’'s so ‘adapt ed that when pressed, the manual button 14 enables the user to
select notification with sound or notification with vibration for 20
alerting the user to incomng calls. In conformty with the quﬁﬁEE@Pzthus
made, an alert setting circuit 55 sets the selected alerting netho or a
control circuit 54. A sound signal preparing circuit 57 and a vibration
signal preparing circuit 5 are connectigd to the notifying 13 June 2002 19
unit 2 by way of a switch 59, which is changed over under the control of

the contrgl idgUbt ofe Mﬁ’d"@W@?hfé@ﬂsﬂ;tgd BynhReénbasggakat ben are

received by the antenna 1 at all tinmes"with a specified 5 périod. The

. I el ) " . , it
31 7and 1 AGETEG S AERMENyVERCRUSET oo ARECBETRELLEL RInp Yol SRkl (7L L
d si I d trol sj | f th i . Th ti f th

S gnal  prOLESET e st ot 42 6t e ont FoF | B0icBy eneand SBntRBFECHPERI ¢ 54.
The control signal obtained by the signal processigg circuit 52 is fed to
c

an i nconihy &Efed de? ebRenfrent ceidesat WherBagngh o) €t 1% detected
if any. On the other hand, the sound signal given by the circuit 52 is fed
to ans515 qhithestivsedvibuatosi gnds arocmsedagedi npwhrdandorhen out put from
t he speaker as sound. The sound signal preparing circuit 57 serves to
downwardly movably in an annular magnetic gap defined by

opposed faces of the outer yoke 32 and the inner yoke 33.
The second vibrator 3 has a resonance frequency in an
actually inaudible frequency range, for example, of 50 Hz

10 to 300 Hz.

The first and second diaphragms 41, 34 can be made
from a known elastic material such as metal, rubber or
resin. When required, the second diaphragm 34 has cuts so
as to obtain a great displacement.

15 FIG. 1 shows the construction of the main circuit of
the portable telephone having the notifying unit 2
described. The telephone is so adapted that when pressed,
the manual button 14 enables the user to select
notification with sound or notification with vibration for

20 alerting the user to incoming calls. In conformity with
the selection thus made, an alert setting circuit 55 sets
the selected alerting method for a control circuit 54.

A sound signal preparing circuit 57 and a vibration

signal preparing circuit 5 are connected to the notifying



produce a sound drive signal Ds of audible frequency for notification with
sound. "On the other hand, the vibration 20 signal preparing circuit 5,

whi ch produces a vibration drive signal Dv having a | ow frequency of up to
hundreds of hertz for notification with vibration perceivabl g3zlyntRgobody,
conprises a nodul ation signal generating circuit 56 and a vibration signal
processing circuit 58. The 13 June 2002 20 constructions of these
circuits 56 and 58 will be described hater in detail. Wen an i ncom ng cal
is detected by the detecting circuit 53, the control circuit 54 changes

over the  swit 6h 15 52y B AGEYMHANGe 34 t Rt e, al erdn setdd ngydy (hesmanual

button 14. In thé case where the user is to be notified of the incom ng

call wt Qr}]%o%q‘&lyly,of %é@%@ﬁoé%%e%?%_sover for connection to the

sound sig preparing circul ound drive signal alone to
the notifying_lo .unit_ 2. \Wen notificati istob iven only with

vi bration, th aﬁlﬁot HH5e |tsrabrhsétHgterecg33 rqi‘r}b? %ahsee \ﬁetb 19 DT gnal preparing
circuit 5 to feed the vibration drive signal alone to the np if%ing unit 2.

Wth ref §85%¢ 8D BY ghe Rrtepna th@tsfid Wi Ciigh# SBePkt bedduced by

the sound signal preparing circuit 57 is prepared froma pul se signa
havi n§ aplerd@dencFhef s2grEd receliyedudisbfE egaeie Yoy ongrddech@nche si gna
intermttent at a period of 16 Hz. The resulting intermttent pul ses
provi de aemeaiilateaudivblae meotid o ingewicurfdl vmd helsearuntisd | t&cea signal

processing circuit 52, which extracts a digital sound

signal and a control signal from the signal. The operation

of the signal processing circuit 52 is controlled by the

10 control circuit 54.

The control signal obtained by the signal processing
circuit 52 is fed to an incoming call detecting circuit 53,
whereby an incoming call is detected if any. On the other
hand, the sound signal given by the circuit 52 is fed to an

15 unillustrated sound signal processing circuit and then
output from the speaker as sound.

The sound signal preparing circuit 57 serves to
produce a sound drive signal Ds of audible frequency for
notification with sound. On the other hand, the vibration

20 signal preparing circuit 5, which produces a vibration
drive signal Dv having a low frequency of up to hundreds of
hertz for notification with vibration perceivable by the

body, comprises a modulation signal generating circuit 56

and a vibration signal processing circuit 58. The



20 "pulll...." The frequency of 2 kHz matches the resonance frequency Fv of
t'he vi'bration characteristics Cs shown in FIG 11. On the other hand, the
vibration drive signal Dv prepared by the vibration signal preparing
circuit 5 has a 13 June 2002 21 frequency periodically Vath%anéleobbe
range, for exanple, of 100 Hz 10 Hz and centered about approxinmtely 100
Hz that is easily perceivable by the human body as a vibration as shown in
FIG 4. The center frequency 100 Hz i 20in 5 match with the resonance
frequency Fv of the vibration characteristics Cv shown in FIG 11. FIG 3,

(a) shows:cHk xRl shaher etmesbec{Frearencye Fapd sBewyi Preki @Bsdrii¥eqdsi gna
Dv is varied in the formof triangular waves. The frequency F has a

variatio ~ :410 Hz with a center frequency of Fm = 100 Hz. The
vari ati onrl%eelﬁuled;c%@?ilf m is in the range of 0.5 to 10 Hz. The variation

DF of the fr uency IS deterniqgﬂ in agcord@ngebMAEF tge vaéiation of the
resonance fre ‘ﬁly DR ERE o i bY aPBre3 a0 Y 0 P8I BFEREES or the 15
speci ficatjons, on which the resonanpce frequency i s dependept. Suppose the
¢ esonance Frttenyr oF1E HEORBESh bTEF A ord S IAUBFSSURD GAPI SFEORDI n ¢ hi s
case. Resonance then_occurs when the frequency F matches the center
frequéncy’ ¥l BFranCanpl PR veke cakeet Vet hdngabEdthe BasBRLd line in

FIG 3, (b) is obtained which has a peak anplitude W at the
button 14. In the case where the user is to be notified of

the incoming call with sound only, the switch 59 is changed
over for connection to the sound signal preparing circuit
57 to feed the sound drive signal alone to the notifying
10 unit 2. When notification is to be given only with
vibration, the switch 59 is changed over for the vibration
signal preparing circuit 5 to feed the vibration drive
signal alone to the notifying unit 2.
With reference to FIG. 10, (a), the sound drive signal
15 Ds produced by the sound signal preparing circuit 57 is
prepared from a pulse signal having a frequency of 2 kHz in
the audible range by rendering the signal intermittent at a
period of 16 Hz. The resulting intermittent pulses provide
a readily audible notifying sound which sounds like
20 "pulll...." The frequency of 2 kHz matches the resonance
frequency Fv of the vibration characteristics Cs shown in
FIG. 11.
On the other hand, the vibration drive signal Dv

prepared by the vibration signal preparing circuit 5 has a



resonance point. Further suppose the resonance frequency of the second
vibrator 3 involves a variation due to di mensional 13 June 2002 22

tol erances for the diaphragm etc. The true resonance point will then be
positioned, for exanple, at point Pin FIG 3, (a). Even in §8ij5n62902
resonance occurs when the frequency F of the drive signal passes this point
P, and an 5 anplitude curve Wb i s obtained which has a peak anplitude W at
the resonance point as indicated in afgroken line in FIG 3, (b). Thus, by
varying the frequency of the vibration drive signal Dv over the range of Fm

D F, an aﬁPé% éﬁ@yCaarkesdieaprgawf?ém/gi ¢h ¥aEi ank@, eXBir-bbkadppeak W

al ways at thé resonance point despi he vari ation of the resonance

freq.‘lencyofc?é‘éeﬁyeﬁtig. QEOQHﬁiQQnﬁe§3&i §E8§£°5§ 98&}1&&%@9 eEBﬁchz Thi s
anplitude varration achi eves an énhanced notify Rg &FTeCt Which 18

i vab] .the_h body. 15.1n th wh th ] I br at 3
e Gri vort Bt xiRoRaP LAY PREGHAREDIEnPY ofnEnBeBERGPORENGS RovRBLBhaRte
occurs if the resonance frequency of the second vibrator 3 varies, and the

anpl i t ude?®f SRAENsERoRECYi br atBe TR Sremyeray vk WEHrE2t 1y decr eased
fromthe peak value Wb at 20 the resonance point as indicated in a two-dot

chai n 9 i reateh FvE-h3thébyesenagequénegyenayl Fugofotpeottdbsasisati sfactory
notifying effect. The frequency of the vibration drive signal Dv is
characteristics Cv shown in FIG. 11.
FIG. 3, (a) shows an example wherein the frequency F
of the vibration drive signal Dv is varied in the form of
triangular waves. The frequency F has a variation of *AF
10 = *10 Hz with a center frequency of Fm = 100 Hz. The
variation frequency (1/Tm) is in the range of 0.5 to 10 Hz.
The variation *AF of the frequency is determined in
accordance with the variation of the resonance freguency of
the second vibrator 3 due to tolerances for the
15 specifications on which the resonance frequency is
dependent.
Suppose the resonance frequency of the second vibrator
3 involves no variation in this case. Resonance then
occurs when the frequency F matches the center frequency Fm,
200 and an amplitude curve Wa indicated in a solid line in FIG.
3, (b) is obtained which has a peak amplitude Wp at the
resonance point.

Further suppose the resonance frequency of the second

vibrator 3 involves a variation due to dimensional



variable not only in the formof triangular waves but also 13 June 2002
23 inthe formof sine waves or sawtooth waves. For excanple, in the case
where the frequency is varied in the formof sawmooth waves as shown in
FIG 5, (a), suppose the resonance frequency of the second vijhrgt.aronpohas
no 5 variation. An anplitude curve Wa is then obtai ned which has a peak
anplitude Wb at the resonance point as indicated in a solid line in FIG 5,
(b). Even if the resonance frequency af2 the second vibrator 3 involves a
variation, a resonance curve W will be obtained which has a peak so

anpl i tudee Yo ahntbs E8§08ﬁ80818959h9ﬁ§ epdi cat@dh 1{rfe lfQkShddse In FIG

5 (b). Notification wthout disconfort is realized especially in this case

. h vib defini iod. Al ternatively,
The frequBagy Cof et Orhy % BESRPROESIE eBy Srofphe nof, B BV Ve

i ncreased decreased stepw se .in mnute frequency increments o
decrement%gés ho&/ﬁ N Blsf{ B S%q.'%eeﬁ%%c?n%gc%b%;/%qu ‘é’{}%?lé%?e al so
in this case. According to the present enbodinenth,the vi bration 2o signal
preparingfE?QEGPFY5Fc8%pFF§e§réVﬁnﬁ&Béﬁ?oﬁa§§§ﬁaF dEn@PANNE cAPEURR 56 and
a vibration signal processing circuit 58 as shown in FIG 1. The nodul ation
si gnals geamphitudecrrevet Wo6lpr obtiaésed wbdghahiasnaspgadl asmlfigtdeodul ati ng
the frequency of the vibration drive signal.
Wp at the resonance point as indicated in a broken line in
FIG. 3, (b).
Thus, by varying the frequency of the vibration drive
signal Dv over the range of Fm * AF, an amplitude can be
10 obtained which varies to exhibit a peak Wp always at the
resonance point despite the variation of the resonance
frequency, consequently producing a satisfactory notifying
effect. This amplitude variation achieves an enhanced
notifying effect which is perceivable by the human body.
15 In the case where the second vibrator 3 is driven at a
constant frequency Fm, on the other hand, no resonance
occurs if the resonance frequency of the second vibrator 3
varies, and the amplitude of the second vibrator 3 has a
small value W' greatly decreased from the peak value Wp at
20 the resonance point as indicated in a two-dot chain line in
FIG. 3, (b), consequently failing to produce a satisfactory
notifying effect.

The frequency of the vibration drive signal Dv is

variable not only in the form of triangular waves but also



13 June 2002 24 The nodul ation signal is prepared in the sane waveform as
the fréquency variation waveform of the vibration drive signal shown in
FIG 3, (a) or FIG 5, (a). Such a nodul ation signal can be prepared by a
signal generating 5 circuit already known. On the other handgqstjre¥pBpati on
signal processing circuit 58 can be, for exanple, of the cons ructlon shown
in FIG 7. The circuit 58 conprises a charging unit 6 conposed of a

capaci tance el ement c¢ and resistance7 lenents to Rl, R2, an RS-flip-flop
circuit 63 connected to the output t inal of the unit 6 via a first
conparator 61 and a second conparator 62, and a di scharge contro

transi st B2e aFREB gL fFipefYRPesi PEUFRWESORAI FAVEFe COPRCRTAEPL®: t he
output termnal of the circuit 63. The nodul ation signal 15 Smis fed to an
i nver si oin i tipaitcase nvhateothehérequencyoipararérdein she forwf efence

vol tage signal Vref to a noninversion input termnal of the second

conpar atsdwtdot k|l tav8s shgwshdowe OpeFati.od,of ah hesupboaki ahesi gnal
processing circuit 58. The charging unit 6 is charged by 20 being supplied

W th powessonhesebyragiehtagerstanake¥onauyputrakbemst hascharging unit 6 is
gradual ly increased. Upon the magnitude of the signal reaching the | evel of

the nodu,at{Qpishanaln SApiieidéd rSirEOMRAr 8 ornéd éﬁﬁgﬁnédsﬁﬁléhgnm to the
RS-flip-flop circuit 63, turning on an out put 13 June 200

has a peak amplitude Wp at the resonance point as indicated
in a solid line in FIG. 5, (b). Even if the resonance
frequency of the second vibrator 3 involves a variation, a
resonance curve Wb will be obtained which has a peak
10 amplitude Wp at the resonance point as indicated in a
broken line in FIG. 5, (b). Notification without
discomfort is realized especially in this case since the
second vibrator 3 resonates at a definite period.
Alternatively, the frequency of the vibration drive
15 signal Dv can be gradually increased or decreased stepwise
in minute frequency increments or decrements as shown in
FIG. 6. The same effect as above is available also in this
case.
According to the present embodiment, the vibration
20 signal preparing circuit 5 comprises a modulation signal
generating circuit 56 and a vibration signal processing
circuit 58 as shown in FIG. 1. The modulation signal
generating circuit 56 produces a modulation signal Sm for

modulating the frequency of the vibration drive signal.



25 So of the circuit 63. Consequently, the transistor 64 is brought into
conduction, starting to discharge the charging unit 6. \Wen the voltage
signal Vo delivered fromthe charging 5 unit 6 thereafter lowers to the
| evel of the reference voltage signal vref, the second conpaqgtghe dobS
turned on to feed a reset signal to the RS-flip-flop circuit g nd turn
off the output of the circuit 63. As a result, the transistor 64 is brought
out of conduction for the charging lo24nit 6 to resune charging. In this
way, the charging unit 6 is repeatedly charged and di scharged (FIG 8,

(a)), andridansuiPatis® Oighde IS prépafé@pifi tRYi a8 WavbebopRdagn and of f
repeatedly (FIG 8, (b)). ?n this process, the output of the T-flip-flop 15

circuit eé 25%{‘%}%&%9 T4 P04 %%%ﬁoﬁ#_#{@ O{ribT:QtQBnaégE{IQEd with the

rise of t . As a result, e p-flop circuit 65 produces a

drive signal ichis nedg o nd_off .every time & he voltage signal vo
reaches ?Srfegrf@es}w% D hd %‘ém ‘gti g‘ﬁ?z%rs%%ﬁal gSm(‘lzistz'shgot\llvncehian FIG 8, (c).
The nodul at{on sjgnal , Smyvaries, for exanBIe, in the iorn1of triangul ar
waves, wigt §HRN pRt IR 102 B Pe BRI BPRTEY sPYndl SERNRS 9FBEYALFPEd in the
formof triangular_waves, so that a nodul ation drive signal Dv is obtained
as shéwn $HRIYE already Ypeen2002 26 To check the variation frequency
having a period To of

On the other hand, the vibration signal processing

circuit 58 can be, for example, of the construction shown
in FIG. 7. The circuit 58 comprises a charging unit 6
composed of a capacitance element C and resistance elements
10 Rl, R2, an RS-flip-flop circuit 63 connected to the output
terminal of the unit 6 via a first comparator 61 and a
second comparator 62, and a discharge control transistor 64
and a T-flip-flop circuit 65 which are connected to the
output terminal of the circuit 63. The modulation signal
15 Sm is fed to an inversion input terminal of the first
comparator 61, and a reference voltage signal Vref to a
noninversion input terminal of the second comparator 62.
FIG. 8 shows the operation of the vibration signal
processing circuit 58. The charging unit 6 is charged by
20 being supplied with power, whereby a voltage signal Vo
output from the charging unit 6 is gradually increased.
Upon the magnitude of the signal reaching the level of the
modulation signal Sm, the first comparator 61 feeds a set

signal to the RS-flip-flop circuit 63, turning on an output



the nodul ation drive signal Dv, i.e., the frequency of the nodul ation
signal Sm for an optinmumrange, an experinent was first conducted to

exanm ne the notifying effect 5 perceived by three panelists (A B, C. For
the experinment, a wreless comunications system (pager) of §5gyh8veabi on
was placed on the pal mof each panelist, the nodul ati on frequency was then
altered continuously, and the panelist was asked to report the feeling of
the vibration as to perceived. The valRfe to be reported was an optional

val ue ranging fromO representing no vibration as sensed to 100
representgdm A tH Al AN 46 PEr eoinsedudnidl i he Y ahests isaiest tdavidy. Further
in the experinent, the nodul ation frequency was first explored which

resul t ed gy gyl Birttd Abndu@sisensech M iy the evabnatdoncRé dRfrqand the
nodul ati on frequency was thereafter altered gradually for the panelist to

meke a repord apon perceiving a change in the vibration as sensed. FIG 13
shows the result. FIG 13 reveals that all the three panelists perceived 20
the vibration _w th the highest sensiii it{ en_t he nndu{gtiog freguency
was 1.5 to 2. LUK YR IR AR Y9 T9 HERT BAsEE st R ReC PR EG LB CY
departed fromthis range. Al though the decrease in the sensitivity to the
vi br afi oY f rtshefrr?ﬁﬁﬁ‘e‘? SHAWES pe? soe 1 REShatkl FRESTFLPECNCE3 June 2002

27 alike in the tendency of sensitivity variations as apparent fromthe
resul t. I¥oiwdnaigme Ylighthe ecH & CamPIRWRL t hé basterpadi ani on
pattern of perception characteristics.

to feed a reset signal to the RS-flip-flop circuit 63 and

turn off the output of the circuit 63. As a result, the
transistor 64 is brought out of conduction for the charging
10 unit 6 to resume charging.

In this way, the charging unit 6 is repeatedly charged
and discharged (FIG. 8, (a)), and the output So of the RS-
flip-flop circuit 63 is turned on and off repeatedly (FIG.
8, (b)). In this process, the output of the T-flip-flop

15 circuit 65 is switched from on to off, and from off to on
as timed with the rise of the output So.

As a result, the T-flip-flop circuit 65 produces a
drive signal Dv which is turned on and off every time the
voltage signal Vo reaches the level of the modulation

20 signal Sm as shown in FIG. 8, (c¢). The modulation signal
Sm varies, for example, in the form of triangular waves,
whereby the period To of the drive signal Dv is also varied
in the form of triangqular waves, so that a modulation drive

signal Dv is obtained as shown in FIG. 4.



5 Next, an experinment was conducted with ten panelists (a to j). The

Vi rel éss communi cati ons system (pager) of the invention was placed on the
pal m of each panelist, the nodul ation frequency was then altered
continuously, and the panelist was asked to report the nodul gii ppefdgeauency
1o (optimum nodul ati on frequency) at which the vibration was perceived with
the highest sensitivity. Table 1 shows the result. 13 June 2002 28 Tabl e
1 Panelist Optinmum nodul ation freguen®@p fHzl a 2.25 b 2.31 5 ¢ 2.10 d 2.03
a 2.77 f2.119g2.2910 h1.85i1.83j2.23 Ave SD 2.177 -~ 0.268 Since the

opt i mum nodul ate afhddlequescyasliaghdh yfdeqakhdersatinim pepspiod orpesson as
w Il be apparent fromthe table, the average value of the listed val ues,

Ave = 2. life H@od&mp&lt@fﬂv@ss%%wlvwsai . 8P | FHEN gy ahbPnofr egEeNCy.
Furt her the standard devi ati on of the optlnun1nndul ati on frequencies

W thin o BORER R e ST g 0P e ohERnER ERY 32%?”#%%9%3%%@3 bout
hi'gh ot 1137 et crninted $ DA NE FRR%Ra Rl J0ede B0, 3 very,
Second Enbodi nent _A portable tel ephone enbodying the invention has
perceived by three panelists (A, B, C). For the experiment,
a wireless communications system (pager) of the invention
was placed on the palm of each panelist, the modulation
frequency was then altered continuously, and the panelist
was asked to report the feeling of the vibration as
10 perceived. The value to be reported was an optional value
ranging from 0 representing no vibration as sensed to 100
representing a vibration as perceived with the highest
sensitivity. Further in the experiment, the modulation
frequency was first explored which resulted in a vibration
15 as sensed with the evaluation of 100, and the modulation
frequency was thereafter altered gradually for the panelist
to make a report upon perceiving a change in the vibration
as sensed. FIG. 13 shows the result.
FIG. 13 reveals that all the three panelists perceived
20 the vibration with the highest sensitivity when the
modulation frequency was 1.5 to 2.5 Hz, and that the
sensitivity decreased as the frequency departed from this

range. Although the decrease in the sensitivity to the

vibration differs from person to person, the panelists were



incorpgrated therein a notifying unit which has the sane construction as
the notifying unit 2 of the first 5 enbodi nent shown in FIG 2. FIG 14
shows the main circuit construction of the portable tel ephone of the
present enbodi nent. Throughout this circuit and the circuit QEJEHF%?OZ
enbodi nent shown in FIG 1, |ike conmponents are designated to by like
reference nunerals and will not be described repeatedly. The sound signal
preparing circuit 57 serves to produ@g a sound drive signal Ds of audible
frequency for notification with sound as in the first enbodiment. On the 15
ot her handkd hen Vit add esd g PELPRE L PO Gl vEHLAL Pon¥hhghappaduges a

vi bration drive signal Dv having a | ow frequency of up to hundreds of hertz
for notifigation widivi brmat isan dRrCaiMabl & dygdihe padysrgonpsises a
nodul ation signal generating circuit 56 and a Vi bration signal processing
20 circuyjt. 58. T nst i.ons of Lrcui nd 58 will be
describggurg é?h$ﬁb%%%§j?gféég%%?o??£€§?ﬁcﬁk7§gfégpgﬁasposed bet ween the
vibratio si$nal freﬁaring circuit 5 and the change-over switch 59. The
modul at iFHEFgraf *gehetating circuit 56 and 13 June 2002 30 the on/off
switch 71 have their operations controlled by a control signal preparing
circdit 72. AeXhovdnipXpeimant vae fendretfenviFBnaPNgRABLALSES circuit

56 has a period change-over unit 7. A control
(a to j). The wireless communications system (pager) of

the invention was placed on the palm of each panelist, the
modulation freguency was then altered continuously, and the
panelist was asked to report the modulation frequency

10 (optimum modulation frequency) at which the vibration was
perceived with the highest sensitivity. Table 1 shows the

result.



5 signal fed to this unit 7 fromthe control signal preparing circuit 72
changes the period of the nodulation signal Smto be fed to the vibration
signal processing circuit 58. FIG 15 shows a specific exanple of
construction of the nodul ation signal generating circuit 56, n&!2pok0 io
(a) and (b) show the operation of the circuit 56. The CIrCUIt conpri ses
first and second conparators 73, 74, a plurality of paraneter selecting
resistors Rl, R2, R3, change-over swislgch S, feedback resistors Rb, Rc,
capacitor C, etc. The paraneter selecting resistors Rl, R2, R3 and 15
change- r,swtch S constitute the period change-over unit 7. The switch S
i's changz over by the control signal fed fromthe control signal preparing
circuit 72. Cbnquuen&i the S|'§‘ put vol t age
(modul at i on 53%% S5y i i P A in FIG 16, (b) 20
varies in accordance mnth t he resi stance value R of the par aneter sel ecting
resistor. Furthér every time thezvgﬁtage E at p0|nt Ein FIG 15 increases
from(E = Vcc VB) to (E = vcc + VB) as shown in FIG 16, (a), the output
vol tage of the ®econd conparat or 2741 drops, giving a 13 June 2002 31

sawt oot h nodul ati on signal Smas shown in FIG 16, (b). In this way, the
peri 6d of the moedul ati on signal 8wml®an be changed to one of different
periods. The control signal preparing circuit 72 prepares a 5 change-over
control signal ©or the switch S Qstituting the period change-over unit 7
and an on/off control signal

e 2.77
f 2.11
g 2.29
10 h 1.85
i 1.83
3 2.23
Ave * SD 2.177 £ 0.268

Since the optimum modulation frequency slightly

15 differs from person to person as will be apparent from the
table, the average value of the listed values, Ave = 2.177
Hz, can be used as a universal optimum modulation frequency.
Further the standard deviation SD of the optimum modulation
frequencies listed in Table 1 is 0.268, so that if the

20 modulation frequency is set within a range (Ave % 3S5D)
three times the standard deviation centered about the
average value Ave, i.e., within the range of 1.37 to 2.98
Hz, a very high notifying effect can be given to almost all

users.



for the on/off switch 71 in response to a node notifying command signa
obtained fromthe control circuit 54. For exanple, in the case where the
system has 1o registered therein the tel ephone nunbers) of specified one or
nore than one callers, and when a call is received froman upseghatgped
caller, the incomng call is detected by the incom ng call detecting
circuit 53, whereupon the control circuit 54 prepares a node notifying
command signal 15 for giving a corman@9t o notify the user of reception of
the call and feeds the command signal to the control signal preparing
circuit acdilit mmbsdiden®? in turn controls the period change-over unit 7
of the nodul ation signal generating circuit 56, whereby a nodul ation signal

of 20 sawt ootmw@@amif@l@?mﬁ@%@m eflg PERé OfnJéht SoeRgEat ed as shown
in FIG 17, (a), and the on/off switch iS held on at all tinmes. A drive

si gnal vayyl ' AN ' fan.signal is fed
fo the noriSie e IREERIAT, BREPLEPIEE UhID SRERTRN: "4he"53hETN, 2002
32 resonates with the erigd TQE‘ . t he otgeé hgng m%en 2 call is received
from t he Y5 S8 et aty v tReF e ngRthl f 5 HeCeft®8 by the i ncoming
call detecting circuit 53, whereupon the control 5 circuit 54 prepares a
node Aot | SRR ePRPER ghal F¥%r 4t ving a command to notify the user of
reception of the call and feeds the command signal to the control signal
preparing cirdifd. 724 Ihews|tkeinaim® ¢hreuirh constpustiae of the

portable telephone of the present embodiment.

Throughout this circuit and the circuit of first

embodiment shown in FIG. 1, like components are designated
10 by like reference numerals and will not be described
repeatedly.

The sound signal preparing circuit 57 serves to
produce a sound drive signal Ds of audible frequency for
notification with sound as in the first embodiment. On the

15 other hand, the vibration signal preparing circuit 5, which
produces a vibration drive signal Dv having a low frequency
of up to hundreds of hertz for notification with vibration
perceivable by the body, comprises a modulation signal
generating circuit 56 and a vibration signal processing

20 circuit 58. The constructions of these circuits 56 and 58
will be described later in detail.

An on/off switch 71 is interposed between the
vibration signal preparing circuit 5 and the change-over

switch 59. The modulation signal generating circuit 56 and



peri od change-over unit 7 of the nodul ation signal |0 generating circuit
56, whereby a nodul ati on signal of sawtooth waves having a predeterm ned
period TOis generated as shown in FIG 17, (a), and the on/off switch 71
is turned on and off at a predeterm ned period Tl as shown i b6 286d2 (b).
An intermttent drive signal with 15 on/off repetitions as shown in FIG
17, (c) is fed to the notifying unit 2. As a result, the notifying unit 2
resonates during the on-period of the3drive signal and ceases to resonate
during the off-period thereof. This enables the user to recognize the

i ncom ng < lod f OFF LER1 2O T £OI B4 @& eEh PEF SOPerd PibRNE E38Er¥NEER bfeaportabl e
t el ephone has three operation nodes for use as such, a pager and tranceiver

and when dhe L8] ephone: i 5,851y iR therOppE aj4on node of tel ephone, the
cl

control signal preparin curt”72 controls 13 June 2002 33 the period

change-over unif J,gf.tfig ppdul A1 o 51 Ral, geDSkall ngasi Lol BB

response to ar 1 ncom ng et eby a nodu 'on srgna

having a predeterm ned period. T2 is generated as,sho in FIG. 18, 5 (a),
ond the GHGTILEt CRaghe| BORLPE SRAHTERATCT WALt A r VIPEI R varyl ny i n
frequency in accordance with the nodul ation signal _is fed to the notifying

unit 2. Asignaksted tenkhidtiRitng fFPR PhecsoRhiel 8idRAé PERPBALTG. On

t he other hand, when the tel ephone is set in the to operation node of
pager, theironitol2sciyangepreharpegiod of the modulation signal Sm

to be fed to the vibration signal processing circuit 58.
FIG. 15 shows a specific example of construction of
the modulation signal generating circuit 56, and FIG 16,

10 (a) and (b) show the operation of the circuit 56. The
circuit 56 comprises first and second comparators 73, 74, a
plurality of parameter selecting resistors R1, R2, R3,
change-over switch S, feedback resistors Rb, Rc, capacitor
C, etc. The parameter selecting resistors R1l, R2, R3 and

15 change-over switch S constitute the period change-over unit
7. The switch S is changed over by the control signal fed
from the control signal preparing circuit 72. Consequently,
the slope (VB/CR) of the output voltage (modulation signal
Sm) of the second comparator 74 shown in FIG. 16, (b)

20 varies in accordance with the resistance value R of the
parameter selecting resistor. Further every time the
voltage E at point E in FIG. 15 increases from (E = Vcc -
VB) to (E = Vcc + VB) as shown in FIG. 16, (a), the output

voltage of the second comparator 74 drops, giving a



circuif 72 controls the period change-over unit 7 of the nodul ati on signal
generating circuit 56, whereby a nodul ati on signal of sawtooth waves having
a predeterm ned period T3 is generated as shown in FIG 18, (b), and the 15
on/off switch 71 is held on at all times. A drive signal varjq hghd 800
frequency in accordance with the nodul ation signal is fed to t%e notl%yi ng
unit 2. As a result, the notifying unit 2 resonates at the period T3 which
is different fromthat of FIG 18, (apl 20 Further when the tel ephone is
set in the operation node of tranceiver, the control signal preparing
circuit gawtendthomdduletien ed@lAnger eMersiovdt ih af1d hel érpdub ps i am si gnal
generating circuit 56, whereby a nodul ati on signal of sawtooth waves having

a predet %h%n%yeeﬁ:ih%dfp@iioa o 13 HNR R0 Z5m e At ash asashewwn in FIG

18, (a), and thé on/off switch 71 is turned on and off at a predeterm ned

period T4, A _dri i le Wt f peiitions at the period T4 as seen
in FIG %&?nﬁgf *? ?W%?gFoﬁgéégy%égtqégﬁﬁﬁéTying unit 5 2. Consequently,

the notifying_unit 2 resonates .during the on-peri.o f the drive signal and
ceases to r esgxlgt & ORI Py SRS R4S rold‘%fcﬁlﬁce‘f]eto?z?i%{%??ﬁ?? ently

resonating periodically. Accordingly the different states of vjbration lo
descr? beGN@RIS-OVieFe W Ao & i 5RF {HE i e thg® GRS HFREYHEDar ti cul ar

operation node. The on/off switch 71 turned on and off by the control
the period change-over unit 7 and an on/off control signal

for the on/off switch 71 in response to a mode notifying
command signal obtained from the control circuit 54.
For example, in the case where the system has

10 registered therein the telephone number(s) of specified one
or more than one callers, and when a call is received from
an unregistered caller, the incoming call is detected by
the incoming call detecting circuit 53, whereupon the
control circuit 54 prepares a mode notifying command signal

15 for giving a command to notify the user of reception of the
call and feeds the command signal to the control signal
preparing circuit 72. The circuit 72 in turn controls the
period change-over unit 7 of the modulation signal
generating circuit 56, whereby a modulation signal of

20 sawtooth waves having a predetermined period TO is
generated as shown in FIG. 17, (a), and the on/off switch
71 is held on at all times. A drive signal varying in
frequency in accordance with the modulation signal is fed

to the notifying unit 2. As a result, the notifying unit 2



signal preparing circuit 72, preferably as tined with the rise and fall of
the frequency variation of the nodul ati on 15 signal as shown in FIGS. 17,
(c) and 18, (c). As described above, with the portable tel ephone according
to the invention, periodic or nonperiodic occurrence of resoq?ggﬁ 200
repeatedly increases the anplitude of the vibrator to the anmp ituae 0
resonance as a peak and 20 decreases the anplitude fromthe peak, giving
effective notification which is audi bl or perceivable by the human body.
Moreover different states of vibration enable the user to identify the

contents ofsn0iidd CRlE RN hd NSafEYg CBoand system of the present invention
35 |

are not 13 June 2002 imted to the foregoing enbodi nents in

construct i on byt can be. Ipch {1ed VA ously, 1 LU ddie: fephaisal sgope set
¢ or e, % it T hven

forth in the appendé arns. exanp € presen fon Ts not
limted to the notifyi unit. 2 having 5 bo%g a_soqund geney at and a
vibratiohr%ﬁ%ﬁﬁ%ﬁ%é ¥%fg%ﬁbi5%?ib%c%%?n%aﬁa bﬁp&?gacg?gogyogéenotifying
device conprising a sound generator and a_ vi bration generator as separate
conponent SACHEMF R F Rbt edeE Bt IRGrat BFUSE $he YBEFRYPAR GRAPt COREEOAKOt
limted to one utilizing a magnetic lo force but can be of any of various
known Scorsirceit o preparemgarnsdeanceifyrongecompied shgnatli Epxing a
pi ezoel ectric elenment is usable. According to the first enbodinent, it is
possi bl e divirsg & commacdnpotestiby thastsént ofigrébeptibnadbifonhei gnal
call and feeds the command signal to the control signal
preparing circuit 72. The circuit 72 in turn controls the
period change-over unit 7 of the modulation signal
10 generating circuit 56, whereby a modulation signal of
sawtooth waves having a predetermined period TO is
generated as shown in FIG. 17, (a), and the on/off switch
71 is turned on and off at a predetermined period T1 as
shown in FIG. 17, (b). An intermittent drive signal with
15 on/off repetitions as shown in FIG. 17, (c) is fed to the
notifying unit 2. As a result, the notifying unit 2
resonates during the on-period of the drive signal and
ceases to resonate during the off-period thereof. This
enables the user to recognize the incoming call from the
20 registered person.
In the case where the portable telephone has three
operation modes for use as such, a pager and tranceiver and

when the telephone is set in the operation mode of

telephone, the control signal preparing circuit 72 controls



15 preparing circuit 5 and to prepare a nodul ation drive signal Dv |like the
one shown in FIG 4 by software processing. It is also possible to use a

m croconputer for providing the vibration signal preparing circuit 5 and
the on/off switch 71 and to prepare the drive signal by 20 sqktW&e®q02
processing. Further the contents of the notification to be nmade by é%e
different states of vibration according to the second enbodi nent are not
limted to the operation nodes at the33ine of receiving incomng calls; the
user can be thus 13 June 2002 36 notified, for exanple, of a battery

vol tage diigd $OFiSH ebhhRGe2bdeyaihPtis7 f9RCEhONAbIAPSE2bHh0BS$gnkUr t her nore,
the on/off control and on/off-period change-over of the drive signal shown

in FIG : : . pe: goni i th.t - = QV f variation
peri od o%g%$éf%ﬁ}é€)%f%ﬁgfpsagmgyiﬁg€$€9¥%8?0(§§,E?E?ﬂ$8§ ?héghotification
of many oper at.ions. 1? gune 2002 f? g%at LS Lained iﬁ: 1. A notifying
devi ce co ?¥%§¥EFEP%?% Ar P2t 3t PR e n%f@éoﬁg a"avFie gyéﬁglafed t hereto,
and a signal gre aring circuiit for feeding the drive signal _to the 5

vi br at or , PY & E%’F’f‘%?“r“ggp‘a’éw‘éeT%ejrﬁggféﬂﬁFgEFQr RS e8DPHNt 3L FIG- 18,

5 (a), and the on/off switch 71 is held on at all times. A
drive signal varying in frequency in accordance with the
modulation signal is fed to the notifying unit 2. As a
result, the notifying unit 2 resonates at the period T2.

On the other hand, when the telephone is set in the

10 operation mode of pager, the control signal preparing
circuit 72 controls the period change-over unit 7 of the
modulation signal generating circuit 56, whereby a
modulation signal of sawtooth waves having a predetermined
period T3 is generated as shown in FIG. 18, (b), and the

15 on/off switch 71 is held on at all times. A drive signal
varying in frequency in accordance with the modulation
signal is fed to the notifying unit 2. As a result, the
notifying unit 2 resonates at the period T3 which is
different from that of FIG. 18, (a).

20 Further when the telephone is set in the operation
mode of tranceiver, the control signal preparing circuit 72
controls the period change-over unit 7 of the modulation
signal generating circuit 56, whereby a modulation signal

of sawtooth waves having a predetermined period T2 is



the signal preparing circuit prepares a drive signal varying in frequency
wi thin a predeternined range including the resonance frequency of the

vi brator and feeds the drive signal to the vibrator. 10 2. A notifying
device according to claim1 wherein the variation of the freqyguﬁgz@ 2the
drive signal corresponds to a variation in the resonance frequency 0

vi brator due to tol erances of specifications on which the resonance
frequency is dependent. 15 3. A notif\i4ng device according to claim1 or 2
wherein the resonance frequency of the vibrator is a | ow frequency of up to

hundreds @indeitdd adshdenVikratcomef i F VhRGatRE BAsoaE Lhetkgsonance
frequency an anplitude generally percelvab e by the human body. 20 4. A

not i £ yi ngy fleyd ce, ARERT g Nend 0o BFYaLNE BloGLabIR dehOpdr 1OAT fiD e drive

signal has an alternating waveform o ect angu ES or Ssine waves

5 A hot 151 DEREE ULt T or PP ar i aoUhcr b ﬁ%?hgemaliaiégﬁfz?ﬁi >

drive S|gnal periodically varies at 1. 37 to 2.98 A notifying device
accor di ng> %9 ctRi it §- wher el @) tH %h?¥%ﬁﬁéﬁc§egft?hEhﬂrP9El§Y§ﬂalunlt
periodically varies at 2.18 Hz. 7. A notifying device according to any one
of cl & ns21 tC@reatEdEndiLy + Hhg mafuiditindfun e rissona el duainesthia

on-periocd of the drive signal and ceases to resonate during
the off-period of thereof, intermittently resonating
periodically.

Accordingly the different states of vibration

10 described enable the user to recognize the incoming call in
the particular operation mode.

The on/off switch 71 turned on and off by the control
signal preparing circuit 72, preferably as timed with the
rise and fall of the frequency variation of the modulation

15 signal as shown in FIGS. 17, (c¢) and 18, (c).

As described above, with the portable telephone
according to the invention, periodic or nonperiodic
occurrence of resonance repeatedly increases the amplitude
of the vibrator to the amplitude of resonance as a peak and

20 decreases the amplitude from the peak, giving effective
notification which is audible or perceivable by the human
body. Moreover different states of vibration enable the
user to identify the contents of notification.

The device and system of the present invention are not



the formof triangular waves, sine waves or saw ooth waves 1o having the
definite range as the anplitude thereof. 8. A notifying device according to
any one of claims 1 to 7 wherein the frequency of the drive signal
gradual ly increases or gradually decreases stepw se within thJgﬁ%b@QEe
range. 15 9. A notifying device according to any one of clains 0

wherein the vibrator conprises a casing, a diaphragmhaving a fi.ced end on
an inner peripheral wall of the casings a magnet attached to a free end of
t he di aphragm and a coil disposed as opposed to the magnet, and the drive

20 signaljigited £ the £8tbgoifg AmPbAChEaSsCOANMEBhSRLLIRScRYBLEM
conprising a notifying device for notifying the user of incomng calls, the

not i 1¥i NG fevhe endRIPLLA! Par SolbRY2LoknIR PR! EBARATED)L sidplugge2002 39 by

a drive sign fed thereto, aﬂg a signal preparing circult r feeding the
drive sigpal fo.the vibrator, .the wreless_ copmmunj cati.ons system being
characterf@%%ﬁiﬁﬁtﬁgf ?ﬁ%egFaﬂaFfﬁ?gﬁarﬁ%ﬁrc?¥%mﬁ ebr%%%f%gggéﬁg}ve si gnal
5 varying, in frquency mﬁtgln_a redet erm ned range i ncluding.the resonance
frequency-®YSThECTi bF 2RO ﬁﬂlFégdgotFBedPPgéngB alnt§ ?hba BFator. 11. A
W rel ess conmuni cations system having incorporated therein a notifying
devi cé fopoplerdoPping gengraterepndkprnddbsRtABR HNAFAEPEr &N ons i ncl udi ng
notification of incomng calls, the notifying device

combination but can be applied also to a notifying device

comprising a sound generator and a vibration generator as
separate components. Furthermore, the vibrator of the
notifying unit 2 1is not limited to one utilizing a magnetic
10 force but can be of any of various known constructions
utilizing resonance. For example, one utilizing a
plezoelectric element is usable.
According to the first embodiment, it is possible to
use a microcomputer for constituting the vibration signal
15 preparing circuit 5 and to prepare a modulation drive
signal Dv like the one shown in FIG. 4 by software
processing. It is also possible to use a microcomputer for
providing the vibration signal preparing circuit 5 and the
on/off switch 71 and to prepare the drive signal by
20 software processing.
Further the contents of the notification to be made by
the different states of vibration according to the second
embodiment are not limited to the operation modes at the

time of receiving incoming calls; the user can be thus



conprising a vibrator to be resonated by a drive signal fed thereto, and a
drive signal feed circuit for feeding the drive signal to the vibrator, the
Wi rel ess conmuni cations 15 system being characterized in that the drive
signal feed circuit conprises: command signal preparing meanssf or. s ring
notification command signals which are different for different contents of
notification in conformty with the content, and 2o drive signal preparing
means operative in response to the not36fi cati on command signal to prepare a
drive signal which varies in frequency within a determ ned range including
t he resomawtcefieéqutoryendimphe, vobrat batbhadywhothadef ieop fnr 13 June 2002
40 the state of variation for the different notification conmand signals

and to fegletbengrang cagiahst ouhbeivhblabperatZond. W retEssriker@yni cati ons
system according to 5 claim 11 wherein the drive signal prepared by the

drive sigpRL PfFp2Ei BOnERGDSaNAr bRFoEE PEEIHANEN2RABLLOURUSEY kB conf or ity

with the notification conmand si gnal intermttently at a specified
period in o] he_n fi t| co I
i rel ess %%?n%n%%{‘%%ﬁ%ﬂéwét%%ﬁ%%m 7o TR ol 3 tn Tn ey EPRBEARG T ve
si gnal he dr|ve Si epari ng_neans _varie n frequency at
a spe8|flﬁggBerﬁdcﬁﬁngﬁn?%?ﬁ1? FﬁgnntFFPga?ﬁoﬁggoaﬁﬁﬁﬁ si gnal . 14.
A wreless, conmunj cations sgsten1accord|n an

signal shown in FI , (&) ? for the notification of

many operations.
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comuni cati ons system according to any one of clains 11 to 14 wherelin the
resonance frequency of the vibrator is a |l ow frequency of up to hundreds of
hertz, and the vibration of the vib3ator at the resonance 13 June 2002 41
frequency has an anplitude generally perceivable by the human body. 16. A
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di sposed as opposed to the magnet, and the drive signal is fed to the coil.
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10 2. A notifying device according to claim 1 wherein the
variation of the frequency of the drive signal corresponds
to a variation in the resonance frequency of the vibrator
due to tolerances of specifications on which the resonance
frequency is dependent.
15 3. A notifying device gccording to claim 1 or 2
wherein the resonance frequency of the vibrator is a low
frequency of up to hundreds of hertz, and the vibration of
the vibrator has at the resonance frequency an amplitude
generally perceivable by the human body.
20 4. A notifying device according to any one of claims 1
to 3 wherein the drive signal has an alternating waveform

of rectangular waves or sine waves having a frequency

periodically varying at 0.5 to 10 Hz.
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